
























The	 purpose	 of	 this	 work	 was	 to	 test	 the	 effectiveness	 of	 using	 readily	 available
speech	 recognition	 API	 services	 to	 determine	 if	 recordings	 of	 bird	 song	 had
inadvertently	 recorded	human	voices.	A	mobile	phone	was	used	 to	 record	a	human
speaking	at	increasing	distances	from	the	phone	in	an	outside	setting	with	bird	song
occurring	in	the	background.	One	of	the	services	was	trained	with	sample	recordings
and	 each	 service	 was	 compared	 for	 their	 ability	 to	 return	 recognized	 words.	 The
services	 from	 Google	 and	 IBM	 performed	 similarly	 and	 the	 Microsoft	 service,	 that
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1.	Introduction
Introduced	 pests	 have	 caused,	 either	 directly	 or	 indirectly	 through	 habitat
destruction,	the	reduction	and	extinction	of	many	of	New	Zealand's	species	of	native
birds	(Brown,	Elliott,	Innes,	&	Kemp,	2015).	The	Cacophony	Project,	(Moore's	Law	for
New	 Zealand	 Birds,	 2016)	 aims	 to	 use	 technology	 to	 greatly	 increase	 the
effectiveness	of	pest	control	and	eradication	in	New	Zealand	and	the	work	described
in	this	paper	contributes	to	that	effort.	In	particular,	this	paper	describes	the	use	of
















The	 Cacophony	 Project	 aims	 to	 use	 technology	 to	 improve	 the	 effectiveness	 of
removing	pests	that	kill	birds	and	eat	the	vegetation	that	they	are	dependent	on,	and
in	 doing	 so,	 help	 to	 restore	 the	 dawn	 chorus	 of	 bird	 song	 to	 many	 parts	 of	 New
Zealand.	 Technology	 will	 be	 used	 to	 monitor	 changing	 numbers	 of	 both	 pests	 and
birds	in	order	to	assess	the	effectiveness	of	various	interventions.
1.2	Pest	control	and	eradication
If	 a	 pest	 eradication	 program	 is	 to	 be	 ultimately	 successful,	 authors	 such	 as	Miller
have	stated	"It	is	important	that	the	remaining	animals	be	quickly	eradicated	because
they,	 surrounded	by	 increased	 available	 resources,	 could	 repopulate	 the	 island	 in	 a
relatively	 short	 time”	 (Miller,	 1993,	 p.	 5).	 Further,	 Brown	 et	 al	 (2015)	 noted	 "The








here?"	 (p25)	 issues	and	recommendations.	Of	particular	 interest	 to	 this	work	 is	 the
observation	 that	 "There	 will	 always	 be	 a	 need	 for	 ground-based	 control..."	 (p25)
leading	to	the	recommendation	to	"Continue	development	of	new	long-life	lures,	traps
and	 toxins	 that	will	 continue	 to	 incrementally	 improve	 the	 effectiveness	 of	 ground-
based	pest	control"	(p26).
In	July	2016,	the	government	announced	a	goal	for	"New	Zealand	to	be	Predator	Free
by	 2050"	 (Department	 of	 Conservation,	 2016)	 which	 has	 the	 ambitious	 aim	 of
removing	possums,	rats	and	stoats	 from	all	of	New	Zealand.	It	 is	worth	noting	 that
ridding	the	environment	other	pests,	such	as	feral	cats	and	ferrets	that	are	a	threat	to
New	 Zealand	 birds,	 especially	 when	 other	 pests	 is	 not	 mentioned,	 but	 possibly
implied.
1.3	Educational	aspects






the	 number	 and	 type	 of	 birds	 is	 increasing	 or	 decreasing,	 and	 at	 what	 rate.	 Only











and	 possibly	 other	 factors,	 into	 account	 when	 determining	 the	 effectiveness	 of	 an
intervention.
2.1	Privacy	issues	and	speech	detection










work,	 it	 is	 not	 necessary	 to	 know	 what	 words	 are	 present	 in	 a	 recording,	 the
existence	 of	 robust	 and	 readily	 available	 speech	 recognition	 services	 offered	 the
possibility	 of	 integrating	 such	 a	 service	 into	 the	 recording	 process	 allowing	 any
recordings	containing	recognizable	words	to	be	deleted.	This	work	is	not	a	complete
review	of	available	solutions,	but	rather	has	considered	the	robust	services	from	some
of	 the	major	 companies	 currently	 making	 their	 algorithms	 available	 through	 easily
accessible	cloud	based	interfaces.
2.3	Audio	analysis
Sound	 is	 basically	 a	 change	 in	 air	 pressure	 over	 time	 and	 a	 microphone	 is	 a
transducer	 that	 measures	 these	 pressure	 changes	 and	 converts	 them	 into	 an
electrical	 signal.	 These	 values	 are	 recorded	 at	 regular	 intervals	 (the	 sampling
rate/frequency)	and	encoded	using	a	variety	of	techniques	resulting	in	a	wide	variety
of	 common	 digital	 formats	 (Zölzer,	 2008).	 The	 rate	 of	 change	 (frequency)	 of	 air
pressure	 can	 be	 calculated	 (a	 technique	 known	 as	 Fourier	 analysis	 (Howell,	 2017))
and	is	a	common	technique	for	analyzing	audio	recordings	where	a	plot	of	frequency
intensity	versus	time	is	used.	This	technique	(in	other	work)	is	also	being	evaluated
as	a	method	 for	determining	 if	a	 recording	contains	human	voices	 to	 facilitate	 their
removal.
2.4	Aim	of	this	work




phone	 a	 human	 could	 still	 be	 understood	when	 the	 recording	was	 listened	 to	 by	 a
human	 and	 certainly	 did	 not	 know	 if	 speech	 recognition	 software	 would	 perform
better	 or	 worse	 and	 so	 for	 this	 reason	 only,	 recordings	 were	 made	 at	 various
distances	from	the	phone.	It	should	be	noted	that	the	exact	distance	from	the	phone
that	 a	 recording	was	made	was	 not	 important,	 but	 rather	what	was	 important	was





option	was	 used	 (the	 other	 option	was	AAC_LC,	Advanced	Audio	Coding),	 no	 other
options	 were	 available.	 The	 sample	 rate	 was	 determined	 (by	 using	 the	 QuickTime
player	(Apple	Inc,	2016)	to	display	the	file	properties)	to	be	8000Hz.








The	Cacophony	project	 intends	 to	 capture	bird	 singing	 in	a	variety	of	 settings	 from
urban	 situations	 similar	 to	 that	 used	 in	 this	 work,	 through	 to	 wilderness	 locations
many	kilometers	from	buildings	and	surrounded	by	much	denser	tree	cover.
3.1	Technology	investigated
Three	 speech	 to	 text	 services	 were	 investigated:	 Cloud	 Speech	 API	 from	 Google





to	 not	 perform	 any	 processing	 of	 the	 files	 before	 uploading	 them.	 It	 does	 suggest
using	a	sampling	rate	of	16000	Hz	or	higher	and	recommends	using	FLAC	(Xiph.Org
Foundation,	 2016)	 or	 an	 uncompressed	 lossless	 codec.	 Although	 AMR	 uses
compression,	the	raw	AMR	files	from	the	phone	were	accepted	by	the	API	service.
IBM	Watson	Speech	to	Text
IBM	Watson	 required	 files	 in	 the	 FLAC	 format	 and	 the	 VLC	Media	 player	 (VideoLan
Organization,	2016)	was	used	to	convert	the	AMR	files	to	FLAC	format.
Microsoft	Custom	Recognition	Intelligent	Service	(CRIS)









The	 creation	 of	 the	 model	 is	 achieved	 by	 uploading	 sound	 files	 along	 with	 a





Initially	 sixteen	 recordings	 were	 made	 with	 the	 following	 sentence	 repeated	 twice
"This	is	test	X	standing	Y	steps	from	the	phone"	with	X	and	Y	increasing	by	1	for	each
additional	step	from	the	phone.	There	will	have	been	some	variability	in	the	volume	of









obtained	 up	 to	 six	 steps	 (apart	 from	 no	 recognized	 words	 at	 five	 steps	 with	 the









to	 return	 any	 recognized	 words	 in	 recordings	 made	 more	 than	 six	 steps	 from	 the
phone.
Further	 training	was	 then	performed	using	 recordings	at	 zero	 to	 six	 steps	 (Acoustic








words.	 A	 new	 set	 of	 training	 data	 (seventeen	 separate	 recordings)	 was	 created	 at
fifteen	steps	from	the	phone	and	a	new	acoustic	model	was	created	(Acoustic	Model





















from	 Microsoft	 gave	 similar	 results	 when	 the	 acoustic	 model	 was	 created	 with








be	successfully	used	at	some	point	 in	 the	 future.	For	example,	 recent	work	(Yin,	et
al.,	2015)	on	speech	recognition	has	considered	the	possibility	of	over-fitting	models





several	 concepts	of	A.I.	 including:	 rule	based/fuzzy	expert	 systems,	 artificial	 neural
networks,	genetic	algorithms	and	knowledge	engineering.	A	major	assessment	is	the






available	 being	 unable	 to	 detect	 speech	 in	 recordings	 in	 situations	where	 a	 human
could.	Although	 he	was	 not	 expecting	 any	 great	 incites	 from	 the	 students,	 he	was
hoping	to	generate	discussion,	encourage	thought	and	elicit	feedback.
One	 of	 the	 students	 observed	 that	 the	 results	 from	 the	 Google	 service	 all	 had
confidence	 levels	 above	 0.59	 and	 suggested	 that	 the	 API	 be	 configured	 to	 return








practical	 and	 hands	 on	 case	 study	 for	 future	 students.	 This	 would	 be	 especially








Most	 speech	 recognition	 research	and	applications	 consider	 the	ability	 to	determine
actual	words	spoken.	This	work	was	different	 in	 that	 it	only	needed	 to	determine	 if
people	were	talking	from	a	privacy	protection	view	point	i.e.	it	did	not	need	to	know
what	words	were	detected.	A	similar	situation	occurs	in	the	research	into	sleep	apnea
where	 people	 are	 often	 recorded	 in	 the	 privacy	 of	 their	 bedrooms:	 for	 example,	 a
study	 (Schwab,	 et	 al.,	 2013)	 regarding	 "The	 Optimal	 Monitoring	 Strategies	 and
Outcome	Measures	 in	Adults'	discuss	data	security	and	privacy	and	safety	 issues	of
monitoring.	In	sleep	apnea	work	it	is	important	to	record	snoring	but	it	would	be	very
useful	 to	 prevent	 private	 conversations	 being	 captured.	 It	 has	 been	 noted	 that	 as
both	snoring	and	speaking	occupy	similar	frequencies	it	can	be	hard	to	separate	them
using	 conventional	 signal	 processing	 techniques	 (Hicks,	 2012;	 Pevernagie,	 Aarts,	 &
De	Meyer,	2010).	Behar	et	al	(2013)	have	developed	a	smart	phone	application	for	at











recordings	 contain	human	voices	has	been	 tested.	After	 testing	 three	services	 from
well	 known	organizations,	 it	 has	been	 found	 that	 the	 system	worked	 for	 recordings
made	close	to	the	phone,	but	as	the	speaker	moved	further	than	around	eight	steps
from	 the	 phone,	 none	 of	 the	 services	 returned	 any	 recognized	 words	 even	 after
training	custom	acoustic	models.
The	Cacophony	Project	will	need	to	look	at	other	techniques	for	ensuring	the	privacy




for	 recommending	 and	 helping	 with	 access	 to	 the	 Microsoft	 Custom	 Recognition
Intelligent	Service.
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